NuTRoONS 1: Nucleonica Training Course on Nuclear Science
Joint EC / IAEA Monaco Nuclear Science Training Course
12 - 15 October 2010, Monaco

Introduction to the Gamma Spectrum Generator

Andrey BERLIZOV

National Academy of Sciences of Ukraine
Institute for Nuclear Research, Kiev, Ukraine

European Commission, Joint Research Centre
Institute for Transuranium Elements, Karlsruhe, Germany

nuclennlca-'.'

www.nucleonica.net



http://www.nucleonica.net/

¥9) Nucleonica - Gamma Spectrum Generator - Mozilla Firefox

File Edit ‘“ew History Bookmarks Tools  Help

b I'-._' '|G00gle
18| Mast Yisited |j Getting Started 5 Latest Headlines |j Windows Media |_11 Windows ﬁ'_' EecnnatHasa nodtaH... |j HacTpokka cobinok

J |_1‘] Nucleonica - Gamma Spectrum Gene... | : -

A c M N, ||_L]|http:,l',l’www.nucleonica.net,l’npplication,l’Spectrum,l’Spectrum.aspx

How to get to the GSG page:

nucleonlcaﬁ.' ... web driven nuclear science

Applications Data Knowledge Iy Preferences Print & Help < Mewy Browwser

CoB0
Gamma Spectrum Generator

27 Cobalt

1047 m| 627y

Actual chart: Karlsruhe

Elzmert:

I Co VI 60 - -.:: Muclide Mixtures Selector

uantity: Reference point:
|Elequere| j |1DDDDDD teasurement start j

Measurement setup Calculation results Options

Measurement time: | SEC j |1DDD Start in background

Current configuration: ENaI, LxD=3inx 3 in (defaul)

Dirnensions in I mim 'l

Filter

Gefting started
Reference manual

uestions, remarks, suggestions
can be posted in the forum

Save as

Source

7B.2

Crystal
diameter

IESD.U I?B.Z

Source to Detector distance

Crystal length

r

Show rmore settings

1. Choose Applications-

>Gamma Spectrum Generator
from the Nucleonica‘s main

menu

OR

2. Go to the Nuclear Science
Applications Portal and select
Gamma Spectrum Generator
from the application list




1"14 Presentation outline m

eeeeeeee

NuTRoNS 1: Joint EC / IAEA Monaco Nuclear Science Training Course, 12 - 15 October 2010, Monaco

OQutline

e GSGin basic mode
— Modeling approach
— Introduction to the GSG features
— Experimental validation of the GSG

e GSG-PRO

— Additional modeling features
— Introduction to coupled eMC-GSG simulations
— Examples of experimental validation

e Exercises
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Measurement setup model implemented:
O
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e For spectrum modeling the GSG uses a comprehensive database of detector responses
for gamma-ray energies from 10 keV to 10 MeV, which were obtained using extensive
Monte Carlo simulations

Full Energy
Peak

Annihilation
Peak

A Continuum

* More details on the GSG simulation approach see in Nucleonica Wiki at
http://www.nucleonica.net/wiki/index.php/Help:Gamma_Spectrum_Generator
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Configuring a new spectrometer:
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Setting up calculation options:
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Exploring calculation results:
M easurement setup Calzulation results | Options

Complete set of
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Statistical number of counts S SRR EREREE R spreadsheet file

Right click within the
graph area enables
a context menu,
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the spectrum graph
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appearance of the
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Displaying peak and continuum contributions:
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Detector — LEGe (20 mm x 2800 mm?)
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Filter — 0.5 mm Sn

Measurement time - 10° s
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Displaying contributions of different nuclides:
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Saving calculation results in Text / Excel formats:
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25 |Number of channels gf 2 [ TO00E+D1 | B505E-15 | OO0DE+00 | ODOOE+00 | OOO0E+00 | B.505E-15 hd Gamma-rays { Eficiency £ 56 B2 137m {5505 137 [ Ful seectium | ¢ |
[ 26 | Channek-to-Enargy conversion 43| 103E+01 | 1.158E13 | OOO0E+00 | 0.000E+00 | O.OO0E+00 | 1.218E-13
o T A R Ty 14 B5 8913E+03 | 1.57BE04 | OODOOE-00 | 2610E04 | 1301E-04 | 4.546E03
i TR e (IBE| 1O000E404 | 1305E04 | OOOOE+O0 | 2304E04 | 117BE-D4 | 457BE03
| 28 |Spect ent tim &
29 b= ;
= B8 |Absolute efficiency for 1332.5 keV photons at 25 cm: 6.504E-04 = A _
| 30| SOURCE: ' £9 |Relative eﬁicien:yy for 1332.5 keV/ [E'huluns at25 cm: 670 % [ e[S Ga% ma Sp. Ct,r . b
1 Nucide Al i — ' —olae B AQPECLUM o3 4 o , gmiseee 0.8
| 32 | Quantity U< v ni e and Gamma-rays ), Efficiency { 56 85 137m | € I B ek nurmber 4 ; "
| 33 |Reference p.oint.oftime (MY Ready ] T E | E T & = 1 T 5 I % =
% Source cooling interval S min BE Enargy; keV Count rate at start, cps Count rate at end, cps Theoretical number of counts -
5 | CALCULATION: | 2} ' Continuum  Scattered Total | Continuum = Scattered Total Continuum  Scattered =~ Total
= - : ~ - + Sy 020 2 BITE-06 B.042E-07 2 BEDE-06 2 RZ25E-0B B.O00GE-07 2 B3AE-06 2B31E-06 8.024E07 2 B44E-06
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Plotting detection efficiencies:
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Detector: coaxial HPGe (Canberra)

* Relative efficiency: 61.8%

 Crystal dimensions: 74 mm x 53 mm
e Rear contact: 10 mm x 36 mm

* Inactive Ge: 0.7 mm

* Crystal end cap: 1.5 mm Al

* End cap to crystal gap: 5 mm

e FWHM: 1.75 keV at 1.33 MeV

Sources: Thin Spectroscopic Reference
Gamma-Sources (SOSGI)

e 137Cg. 60C. 152EYy

Measurement conditions: Center of
experimental room
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GSG in basic mode: Experimental validation (HPGe)

Results of the experimental validation with 60% HPGe coaxial detector
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Full Energy Peak efficiency as a function of the photon

energy: circles — experimental values, curve — calculated.

Two sets of data refer to the source location at 5 cm and
17 cm distances from the detector end cap.
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Calculated (curve) and experimental (circles) detector
responses for 152Eu source at 17 cm distance from the
detector end cap.
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REVISED EDITION OF REPORT IDO - 16880 - 1

ORIGINAL ISSUED: AUGUST 1964 Detector:
REV. ELECTRONIC UPDATE:- FEBRUARY 1997 . )
3" x 3" Nal scintillation
detector
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Results of the experimental validation with 3" x 3” Nal scintillation detector
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5.27 y *Co, 3" x 3" Nal

Absorber: 1.18 g/cm2 Be
Source distance: 10 cm

O Experiment (Heath, 1964)
Full spectrum

= = = Primary continuum
—-—--Secondary continuum
----- Bremsstrahlung
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The experimental and simulated spectra for ©°Co and a
Nal 3" x 3" detector.
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The experimental and simulated spectra for 133Ba and

a Nal 3" x 3" detector.
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Results of the experimental validation with 3" x 3” Nal scintillation detector
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Results of the experimental validation with 3" x 3” Nal scintillation detector

10° ; 10 =
O Experiment (Heath, 1964) 14.96 h ®Na. 3" x 3" Nal ] 7.13 s "N, 3" x 3" Nal
Full spectrum 2 A Absorber: 20 mm Al
e Primary continuum Absorber: 1.18 g/cm Be 1 4 Source distance: 25 cm
--—--Secondary continuum & Source distance: 10 cm 8 14do -
----- Bremsstrahlung 4 313
440
10" 19 % o  Experiment (Shi et al., 2002)
2 — 90 Full spectrum
g 8 " ] #o - - - Primary continuum
= g 1 % 9 —-—--Secondary continuum
- 2 14 - Bremsstrahlung
2 k= 4 ¥
£ a3 "1 %
E 103 —.! '--.___- ‘\ o -
] Sy \ ]
| ~._ B o 2
. \ ) ; .
i N7 N \ 4
‘< i i
. e i
\
10 — T T T T T 0 -
0 500 1000 1500 2000 2500 3000 0 1 2 3 4 5 6 7 8
Gamma-Ray Energy, keV Gamma-Ray Energy, MeV

The experimental and simulated spectra for ?Naanda  The experimental and simulated spectra for 1N and a Nall
Nal 3" x 3" detector. 3" x 3'"" detector.
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1. Background gamma spectrum is modeled to provide more realistic
spectrum shape and MDA values, especially in low-activity measurements:

Number of counts

Gamma-Spectrum Simulated forHP Ge (rel. eff. 142.6%)

[ 55 Ba 137m mmmm Al cther nuclides |
4 :
10
10°
107
10"
10° ——

o S00 1000 1500 2000

Gamma-ray enerqy, ke\f

A spectrum simulated for a 10 Bq 3’Cs source at the 10 mm distance from a
150% HPGe detector with natural background contribution included
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2. Bremsstrahlung modeling option is available for beta-emitting nuclides:

Gamma-Spectrum Simulated for HPGe (rel. eff. 52.0%)
[mm Scattering cortribution SR Continuum BN FPeaks |

Number of counts
=

0 500 1000 1500 2000
Gamma-ray enerqy, kel/

e A gamma-spectrum simulated for the 10 MBq °°Sr-°0Y source and a 50% HPGe
coaxial detector
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3. Modeling spectra from voluminous and heavily shielded sources using a

GSG-PRO: Additional modeling features

coupled eMC (easy Monte Carlo) — GSG simulation approach:

E:?m easyMonteCarlo Dosimetry & Shielding with Neutrons & Gammas
: 63 Europium
Actual chart: Karisruhe
Element Mass Wixture selector Shield Detector
|Eu V| \152 V| ﬂ Oc:ompuunu (%) Particle flux
[ Activity (B v| [1E+10 | @ Elment O Dose rate

[ Resume H Pass spectrum to GSG I

Geometry | Source Options Results

Unshielded ¢°Co:

Shigld ’q—p l:l Dirmensian in crn

() camma emitter & & E
) Neutron emitter e

Source Diameter

_ foom T - 1T .
-_’// - - Detector

Source to shield 40

Source to Detector 100

Number of counts

Gamma-Spectrum Simulated for HPGe (rel. eff. 11.0%)
s Scattering contrioution  EEEEE Cortinuum B Peaks

]
4

0 200 400 600 8500 1000
Gamma-ray energy, ke\/

1200

1400

60Co behind 12 cm Al shield:

Number of counts

Gamma-Spectrum Simulated for HPGe (rel. eff. 11.0%)

. Ccoattering cordribution s Continuuim . Peaks |

0 200 400 600 800 1000
Gamma-ray energy, keV

1200

1400
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Coupled eMC / GSG calculations for voluminous & shielded sources:

Multi-layered shield EMC

Volume structured .
source iy

J=m

Photon flux
i dlems!]

Source i i "*-
strength
Als™

R | ose

Volume-to-Point
source conversion
F
A J

Equivalent
point
source

UOISIBAUO0I 10]133]ap
pPa.inloni}sS-031-1ulod

Source strength Attenuation correction Structured
I[s7']=4zR* @ A detector
FA =




Experimental room: L x W x H=3.3x 3.8 x 3.5 m?.
Shields (20 x 20 cm?): Pb (2 cm) and Al (3¢cm, 12 cm).
Detector: 10% Ortec Detective, HPGe 50 x 30 mm.
Shield to detector: 10 cm.

Source to shield: 0 cm.

Unshielded source: at 10 cm distance.

CBNM-446 Uranium:

~N

Separation date: 1979 N
U,0g, 200 g, 3.3 g/cm?3 \
Capsule: ¥ 8 x 9 cm

Sample: @7 x 1.58 cm
Al window: 0.2 cm |

232 — 4.1 ppt

Ultrasonic

%i / seal

Aluminium

%/ plug

Aluminium

/Ccn

234U — 0.0359 wt %
235U — 4.4623 wt %

N U304 powder

d

236 — 0.0068 wt %
238 — 95.495 wt %

Nuclide Activity Nuclide Activity
24y 14.1 MBq *°Rn 128 Bq
238 2.02 MBq 21pp 128 Bq

234mpg 2.02 MBq 2B 128 Bq
2%4pg 3.03 kBq 212pp 438 Bq
2%4Th 2.02 MBq 212g; 438 Bq
2% 607 kBq 22%4Ra 438 Bq
21Th 607 kBq 2087 157 Bq
2¥1pg 372 kBq Total 21.4 MBq
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Unshielded CBNM-446

Without bremsstrahlung

234m Pa

1024 Ep= 2.2 MeV (98.4%)
Source: CBNM Uranium 4.46%
Shield: None

10° Source distance: 10 cm
EMC code used: MCNP4c

10

" !
-"
10°
Ve = =
e
10° iy
\\
.
10”7 © Experiment |
Full spectrum ‘—. O 5
i .S O
- — — Compton continuum g1
10 — - — Scattered continuum e 00, 0 d
Y% o g o B8 08
o5 \ a o] 08
10 I T T T T I T T T T I T T T T I T T T .I I T T T T I T
0,0 0,5 1,0 1,5 2,0 25

Gamma-ray energy, MeV

Probability density, MeV"’

PRI B SN T T B AT |

With bremsstrahlung

Source: CBNM Uranium 4.46%
Shield: None

Source distance: 10 cm

EMC code used: MCNP-CP

o Experiment ~
Full spectrum N\
— — Compton continuum
— - — Scattered continuum

0,5 1,0 1,5 2,0 25
Gamma-ray energy, MeV
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Probability density, Mev’’
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CBNM-446 shielded with 12 cm Al

Without bremsstrahlung

234mPa
E, = 2.2 MeV (98.4%)

o Experiment

Full spectrum

— = Compton continuum
— - — Scattered continuum

Source: CBNM Uranium 4.46%
Shield: 12 cm Al

Source to shield: 0 cm
Detector to shield: 10 cm

EMC code used: MCNP4c

0,0 0,5 1,0

Gamma-ray energy, MeV

Probability density, Mev™

With bremsstrahlung

Source: CBNM Uranium 4.46%
Shield: 12 ¢cm Al

Source to shield: 0 cm
Detector to shield: 10 cm

EMC code used: MCNP-CP

o Experiment :
Full spectrum L
— = Compton continuum
— - — Scattered continuum

0,5 1,0 1.5 2,0 25
Gamma-ray energy, MeV



Thanks !

nucleonlca.'.'
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